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THROW-AWAY TIP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

b The present invention relaxes to a throw-away style cutting tip used for cutting a 

cast iron and a steel. 

2. Description of Related Art 

Throw-away style cutting tips have been used for cutting a cast iron and a steel. 
10 Throw-away tips that have modified rake face configurations have been known; such as 
those having a chip breaker formed in The rake face so as to protect the rake face from 
being damaged by removed metal chips, and those having a land formed near a cutting 
edge along the periphery of the rake face in order in prevem damage, from currfng 
resistance or Lhe like. 

ID Throw-away tips having chip breakers mid lands Tunned cin hodi sides have such 

an advantage £ls both hides can l>e used in cutting operations. When such a throw-away 
tip has the cutting edge on one side worn out, the throw-away tip is turned over so as to 
carry out cutting operation using die cutting edge on the opposite side. A throw-away tip 
that uses the edge on cither side by turning over is generally designed such that height of 

20 the land 25 is lower than a seating surface 27 (middle of the rake face) (h > 0) as shown in 
Fig. 13, in order to prevent the cutting edge from making contact with a tool holder and 
being damaged (sec, for example. Japanese Unexamined Patent Publication No, 8-39306), 

However, according to the throw-away tip described above, height of a tip-corner 
33 that has the greatest effect on attaching (seating) of the throw-away tip 21 becomes 

2G lower. Therefore* when the throw-away tip is used in a cutting operation under conditions 
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involving severe impact, a cutting edge 24 located at the bottom surface (seating surface) 
of the throw-away tip 21 is lifted. As a result, seating of the throw-away tip 21 becomes 
insecure thus leading to vibration of the corner 33 during cutting operation. This causes 
the possibility of the cutting edge 24 located at the bottom surface of the throw-away tip 2 1 
5 hitting the seating surface of the tool holder intermittently and resulting in breaking 
(breaking on the back), and/or chattering vibration of the throw-away tip which may cause 
chipping of the cutting edge 24 engaged in the cutting operation, during cutting. 

To avoid such problems, Japanese Unexamined Patent Publication No. 11-277307 
discloses a throw-away tip that has so-called full-circumference chip breaker comprising 
10 the land 25 and a central surface 27 having similar configuration to the land 25, wherein 
the land 25 and the central surface 27 are formed at the same height so as to secure the 
searing of the throw-away rip 21, prevent breaking on the back and reduce The cutting 
resistance. 

The throw-away rip 7.1 of flill-rirraimfterence. chip breaker, however, also has such 
15 a problem thai, in case llie land 25 of the rake face is damaged due Ui chipping of the edge 
24 or a crater wear during cutting ujjeraltou with une side of the ihruw-away Lip, me 
damaged land 25 at a corner portion 33 that has the greatest effect on seating of the tlirow- 
away tip 21 cannot provide satisfactory seatiug surface when the llirow-away tip 21 is 
turned over. As a result, stability of seating is lowered while undesirable movements of 
20 the throw-away Up 21 such as lifting and chattering vibraliuu cannot be suppressed and 
causing such problems as tool damage and/or rough machined surface. 

There is also such a problem that the longer the land surface on one side of llie 
principal surface* the lower the rigidity and more susceptible to deflection. Particularly 
when used in a cutting operation under conditions involving severe impact deflection of 
25 the land surface causes chattering vibration which may result in damage of the cutting edge. 



This problem becomes particularly conspicuous in a throw-away tip having diamond shape 
that has longer on one side line of the principal surface* 

"ihe above-mentioned Japanese Unexamined Patent Publication No. 11-277307 
describes that cutting resistance is reduced by forming the chip breaker. However;, since 
5 the chip breaker gradually warps over a wide area, chips tend to entangle when cutting a 
material of which chips are hard to break such as steel, thus resulting in such a problem 
that chips are caught between the cutting tool edge and the workpiccc thus disabling stable 
cutting operation. Also in the case of the above-mentioned publication, since the chip 
breaker groove is wider and accordingly proportion of the contact surface to the entire 
10 seating surface is not sufficient, there is a weakness in securely -fastening the throw-away 

tip. 

Moreover, simply decreasing the width of the chip breaker groove reduces the 
effect of wnrping the chips and breaking them. When the chip breaker is marie narrower 
and deeper, there arises the possibility that chip flow of discharging the chips from the 
15 mining zone, is compromised, resulting in such a problem that chips are caught around ihe 
niirring lonl edge nr Ihe chip hreakKT groove. 



SUMMARY OF THE INVENTION 

In order to solve the problems described above, the present invention provides a 
20 land along the periphery of the principal surface of the ihrnw-away tip, will at least one 
protrusion that extends from die flat central surface toward the laud. The land and die 
protrusion are funned at the same height This u» (figuration makes it possible to cause 
an area around the corner, that has the greatest effect on seating of the throw-away tip. to 
serve as the contact surface that makes contact with the tool holder, thus stabilizing the 
25 seating of the throw-away tip. As a result even when the cutting edge on one side is 



4 



broken during cutting operation, the area around ihc broken cutting edge is prevented from 
being lifted from the tool holder, and therefore breakage on the back can be prevented from 
being caused by the vibration during cutting operation. Moreover, chattering vibration of 
the throw-away lip can be prevented from occurring, thus preventing the cutting edge 
b engaged in the cutting operation from being broken and enabling it to provide smooth 
finish of the machined surface. 

Throw-away tip of the present invention has substantially flat plate configuration, 
wherein two principal surfaces provide rake faces and seating surfaces, side surfaces 
provide relief feces and the intersects of the principal surfaces and the relief faces forming 

10 cutting edges. A land surface is provided along the periphery of each of the two principal 
surfaces, and a central surface is provided on the inside of the land surface with a recess 
(namely, chip hrejiker groove, or rhe Hke) interposed Therebetween. At least one 
protrusion is provided so us to extend from the central surface toward the land surface. 
Since the land and die protrusion an: funned aL the same height, at least the lop surface of 

15 die piotrusiou (namely the plane pari at the distal end of the protrusion) of the central 
Surface and die land surface budi serve as the contact surfaces. The pnunision is 
preferably formed in an acute angle at the distal end thereof 

Further according to the present invention, it is preferable to provide a linkage 
portion that connects the protrusion and the land surface. The linkage portion improves 

20 the seating stability during cutting operation* and also reinforces the land surface. As a 
result, chattering vibration of the land surface con be prevented from occurring during 
cutting operation, thus preventing the cutting edge engaged in the cutting operation from 
being broken and enabling it to provide smooth finished surface. The linkage portion is 
most preferable in coses where the principal surface has a polygonal shape such as 

25 diamond shape. 
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In the present invention, the recess (chip breaker groove) is dimensioned in a 
range from 0.1 mm to 0.6 mm in depth (hj), from 0.7 mm to 2 mm in width (w), from 03 
mm to 1.5 mm in width (w,) from the land surface side to the bottom of the recess, and 
from 0.S mm to 1 .1 mm in width (wj from the bottom of the recess to the central surface, 
5 The recess (chip breaker groove) is substantially V-shaped such that the bottom is 

a steep slope on the land surface side and is a gentle slope on the central surface side. 
The recess is also formed to have as small width as possible. This makes it possible to 
properly warp and break chips and discharge the chips smoothly out of the cutting zone, 
while maintaining the stability of seating on the seating surface. Because the chip 
10 removing performance is excellent, stable cutting operation can be achieved even when 
cutting tough materials such as steel wherein strong impact is generated, or cutting a 
composite material such as steel and cast iron held together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig, 1(a) is a plan view schematically showing one embodiment of The present 

invention, and Fig. 1(b) Is a schematic sectional view taken along the line C-C In the same. 
Fig. 2 is an enlarged partial plan view of Fig. 1 (a). 
Fig. 1 is a schemartn enlarged sectional view of portion A in Fig. 1(b). 
Fig. 4 is u schematic enlarged sectional view taken silting the line B-R in Fig. 1(a). 
20 Fig. 5 is a plan view schematically showing another embodiment of the present 

invention 

Fig. 6(a) is a schematic enlarged sectional view taken along the line X-X In Fig. 5, 
and Fig. 6(b) is a schematic enlarged sectional view taken along the line Y-Y in Fig. 5. 

Fig. 7(a) is a schematic plan view of a throw-away tip without chip breaker. Fig. 
25 7(b) is a schematic plan view of a throw-away tip having an ordinary fuU-chcumference 



chip breaker, and Fig. 7(c) is a schematic plan view of a throw-away tip having protrusion 
without linkage portion. 

Fig. 8 is a schematic perspective view showing further anoiher embodiment of the 
present invention. 

5 Fig. 9 is a schematic sectional view taken along the line 2-Z in Fig. 8, 

Fig. 1 0 is a plan view of the throw-away tip shown in Fig. 8. 

Fig. 11 is a schematic exploded.view showing the throw-away dp shown in Fig. 8 
through Fig. 10 being attached to a tool holder. 

Fig. 12 is a plan view showing the shape of the principal surface of the throw- 
10 away tip of Example I7I-2. 

Fig. 13(a) is an enlarged sectional view of a key portion of a throw-away tip of the 
prior an, and Fig. 1 3(b) is a plan view of the same. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

15 One embodiment of a throw-away tip of the present invention will be described 

below with reference Lu Fig. 1 (a) and Fig. 1 (b). Making reference Ui Fig. 1 , the ih row-away 
tip 1 is a substantially flat plate of polygonal shape that has principal surface 2 providing 
rake face and seating surface, and relief faces 3 on lhe side surfaces. InlersecLs of die 
principal surfaces 2 and the relief faces 3 form cutting edges 4 (cutting edge 4a that 

20 engages in cutting operation and cutting edge 4b located on the seating surface). A flat 
land surface 5 is formed in parallel to the seating surface along the periphery of the 
principal surface 2. The central portion of the principal surface 2 of the throw-away tip 1 
has a central surface 7 that is parallel to the seating surface and is flat Provided between 
the land surface 5 and the central surface 7 is a chip breaker groove 6 that serves as a chip 

26 breaker. 
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At least one protrusion 8 is provided that extends from the central surface 7 
toward the land surface 5. The protrusion 8, at least the top surface thereof, is formed at 
the same height as the land surface 5. This configuration makes it possible to cause the 
land surface 5 to serve as the contact surface (seating surface) so as to stabilize the seating 
6 of the throw-away tip 1, particularly die contact surface that makes contact with the tool 
holder, and prevent the cutting edge 4b flxun making chattering vibration or being broken 
on the back due to lifting on ihe cutting edge 4b during cutting operation. Tn case the 
throw-away rip 1 is supported on the land surface 5 alone, seating of the throw-away tip 1 
becomes unstable when a cutting load is applied to the land surface 5. When the throw- 

10 away tip 1 is seared on at least the top surface of the protrusion 8 in the central surface 7 as 
well as on the land surface 5, in contrast, cutting load applied on the land surface S can be 
reduced and ihe ihmw-HWJiy rip 1 nan be stoned also on The ouTside of The Throw-away tip 1. 
This configuration stabilizes the scaling of the throw-away tip 1 and constrains lifting of 
the cutting edge 4b portion. 

15 In case the land surface 5 is lower than the top surface of the protrusion 8, the 

cutting edge 4b portion is lifted during cutting operation, causing intermittent, impact tin 
the cutting edge and the central surface on the mounted side of die throw-away tijj 1 , 
resulting in breakage on back or chipping. In case ihe land iurluue 5 is higher than the 
top surface of the protrusion 8, on the other hand, seating is stabilized and lifting can be 

20 suppressed, but at the same time cutting load is concentrated on the land surface 5 f thus 
leading to breakage on back or chipping. 

Also because the land surface 5 may be damaged by the wear, chipping or the like 
during cutting operation, the land surface 5 of the nose 4 docs not serve as the contact 
surface when the throw-away tip 1 is turned over and put into use. As a result when 

25 cutting load is applied to the nose 4 9 seating is not stable and lifting and/or chattering. 
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vibration occurs bcc&usc the nose 4 docs hot have contact surface beneath it* When the 
protrusion 8 is provided, since the seating surface is located nearer to the land surface 5, 
stability of seating can be maintained even when the land surface 5 is damaged* 

In order to make the land surface 5 and the top surface of the protrusion 8 equal in 
5 height, the sintered body having the sintered surface without ground, that the land surface S 
and the top surface of the protrusion 8 is formed to be a certain height, may be used as 
throw-away tip. It, however, is preferable that the throw-away tip is sintered with the 
land surface 5 and the top surface of the protrusion 8 being formed to be higher than the 
desired height, and is ground on the land surface 5 and the top surface of the protrusion 8 

10 at the same time. Effects of the present invention are not lost even when there is a 
diflerence of up to 0.05 mm in height between the land surface 5 and the top surface of the 
protrusion due to variations in the machining process. 

Seating of the throw-away tip 1 can be improved further by providing a plurality 
of protrusions 8 outside the central surface 7 to such an extent as the cutting operation will 

15 not be affected. Angle a of the protrusion S at the distal end thereof Is preferably an 
acute angle, particularly within 60° as shown in Fig. 2, since this makes it possible to 
arrange more protrusions 8 near the land surface 5 of the throw-away tip 1 . These 
protrusions 8 can be functioned as a chip breaker. 

Tt is also desirable that one of the protrusions 8 of the throw-away dp 1 extends 

20 toward the comer 13 of the throw-away lip 1, and there is one or more protrusion 8 that 
extends helween two corners 11. Since the protrusions 8 Thar exTend toward the corners 
13 provide both seating surface and effects of chip breaking, direction of chip removal can 
he made constant and cutting resistance can be reduced. Moreover, stability of seating is 
improved further by providing tine or more protrusion 8 between two comers 1 3. 

20 A ratio (Lq/L0 of die distance 1-2 from the center of die throw-away Lip 1 to Ihe 



distal end of the protrusion 8 to the distance L, from the center of the throw-away tip 1 to 
the periphery of the throw-away tip is preferably in a range from 0.7 to 0.95. Such a 
value makes it possible to maintain the stability of seating of the throw-away tip 1, 
especially the seating surface, even when there is a breakage in the land surface or a 
5 difference of height between the land surface 5 and the central surface 7 due to variation in 
the machining process. In case the ratio is less than 0.7, seating becomes unstable when 
the land surface 5 is broken. In case the ratio is higher than 0.95, chip removal property 
is deteriorated and cuntag resistance becomes large, thus tending to generate ihe chattering 
vibration and chipping. 

10 As shown in Fig. 1, a clamp hole 17 is formed at the center of the throw-away lip 

1. A lever, a screw or the like (not shown) is inserted into the clamp hole 17, and the 
throw-away tip is fastened by pressing the inner wall of the clamp hole 17 w a holder 
restriction surface side. However, the present invention is not limited tn the nlnmp 
attaching system of the Ihrnw-away lip, and ihe lever-lnck aimching sysrem using the lever 

15 as mentioned above, the screw-clamp attaching .system using the screw may also be 
employed. Further, lujh-clamp attaching system using the ihniw-away lip not having Ihe 
clamp hole 1 7 may be employed. 

Tn case width uf die land surface 5 is in a range from 0.2 m 0.5 mm, it is m?irte 
possible to improve the strength of the cutting edge, improve ihe stability of seating ihe 

20 throw-away tip 1 on the seating surface (contacl surface), increase die strength against 
breaking on the back and prevent breakage and chipping from occurring by improving the 
chip removing performance and suppressing the increase in cutting resistance. 

As shown in Fig* 3, the chip breaker groove 6 formed between the land surface 5 
and the central surface 7 consists of three curved surfaces (R); a curved surface (Ri) 10 

26 located on the land surface 5 side, a curved surface (R,) 1 1 that continues to the curved 
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that Is located at the same height as the central surface 7 and the land surface 5 is within 
0.5 mm and, as shown in Fig. 4, height of the distal end 8a of the protrusion decreases by 
an angle in a range from 10 to 60° toward the land surface 5. This configuration makes it 
possible for the operator to visually check the clearance, between the land surface 5 and the 
5 disrol end of the protrusion S to decrease as the principal surface is ground, and therefore it 
is mmle easier lo monilor fhe grinding process, so that variation in flatness in the principal 
surface 2 upon machining can be prevented. 

Now another embodiment of the present invention will be described below with 
reference, to Fig. 5 and Fig. 6. As shown in Fig. 5, the principal surface of a throw-away 

10 lip r has substantially polygonal flat platK shape such as diamond shape. A polygonal 
principal surface ?.* xhnt forms the rake face and the seating surface consists of a comer 14 
(the comer 14 lliat cuts iulo the workpicce is called the nose) and side 15, Side surfaces 
serve as relief surfaces 3* (see Fig. 6). Intersect of the principal surface 2* and the relief 
face 3* constitutes tlie cutting edge 4\ A land surface .V that is flat and pjirallttl to The 

15 seating surface is provided along the periphery of the principal surface 2\ A. central 
surface V that is flat and parallel to the seating surface is provided at die center of die 
principal surface 2 ? of the throw-away tip 1\ A chip breaker groove 6 f (recess) is 
provided between the land surface 5* and die central surface 7\ 

According to the present invention,, at least one protrusion 8 9 is provided to extend 

20 over the central surface T toward the land surface 5\ while a linkage portion 9 is provided 
between the land surface 5' and the protrusion 8' as shown in Fig, 5 and Fig. 6. The 
linkage portion 9 reinforces the land surface 5 and increases titc rigidity of die throw-away 
tip. Since the protrusion S that continues from the center of the rake face over die same 
surface improves the stability of seating of the throw-away tip, the land surface can be 

25 constrained from making chattering vibration due to cutting impact and the cutting edge 4 
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of the land surface b can be prevented from being chipped or broken. 

The linkage portion 9 is a flat surface as shown in Hg> 6(b), and has the same 
height as at least the protrusion 8\ In addition, a portion where the land surface 5' and 
the protrusion 8* are not connected is provided by linking the protrusion 8* which is a part 
5 of the central surface T and the land surface 5% instead of linking the land surface 5" and 
the central surface 7* over the entire area thereby to reinforce the land surface 5\ This 
configuration has effects of suppressing the cutting performance of the side edge 15 of the 
principal surface 2* from being dulled by the linkage portion 9% and maintaining the 
cutting performance of the side edge 15 at the cutting edge, A plurality of linkage 

10 portions 9 may also be provided so as to further increase the rigidity of the land surface 5" 
and further Improve the stability of seating the throw-away tip 1 \ When the throw-away 
Tip 1 * is mounted, at least the protrusion 8' and the linkage portion 9 of the principal 
surface 2* serve as the contact .surface. This stahilr/es thfc searing of the throw-away tip 
1 % suppresses lifting of the ctming edge 4* and chanering vibration and prevents the 

15 thruw-uwuy tip V from being damaged. Tn order m further stabilize The seating of the 
diruw-uwuy lip 1\ it is preferable to make the central surface 7\ the land surface 5', the 
protrusion 8' and the linkage portion 9 all lu .serve as umlaut surfaces. 

Square throw-away Lips called S-type and triangle throw-away lips called T type 
experience less deformation when sintered, and therefore have belter stability of .sealing, 

20 because every corner lias die same distance from Ibe center of the throw-away tip. In a 
diamond-shaped throw-away tip wherein the angle of nose 16 is 80° or less, in contrast, 
there is a difference in the distance front d*e center uf die throw-away dp lu each corner- 
As a result the diamond-shaped throw-away tip is prone to deformation taking place 
during sintering and consequently unstable seating, and has higher possibility of 

25 experiencing defects such U3 damaged cutting edge. In the case of D type throw-away tip 
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having chip breaker along the entire circumference wherein the angle of nose 16 is in 
particular, in addition to unstable seating, larger side length (a) of the principal surface 2* 
results in insufficient rigidity of the land surface 5', which makes the land surface S' more 
likely to undergo chattering vibration. Therefore, the effects of the present invention are 
t> more conspicuously demonstrated in case the principal surface 2' has diamond shape and, 
particularly the apex angle is 55° or less. 

Width (b) of the land surface 5' is preferably in a range of 0.2 mm ^ b S 0.5 
mm, in order to increase the strength of the cuning edge, improve the stability of the land 
surface 5* and thereby increase the resistance against breakage on the back- This also 

10 makes h possible to prevent breakage or chipping through Improvement of chip removing 
performance and suppression of cutting resistance from increasing. 

Length (a) of one side edge of the throw-away tip 1' and distance (c) between the 
nose 16 and the linkage portion 9 preferably satisfy a ralaiionship: 0.25a 0.75a, in 
order to prevent the cutting performance of i*ik rhrow-away tip 1* from being dulled and 

15 (lie culling resistance from increasing. 

I-englh (a) iifune side edge or the ihrnw-nwny tip 1 * and width (d) of the linkage 
portion 9 preferably satisfy a relationship: 0.5 nun ^ d ^ (a/ 1 *), more, preferably 0.5 
nun ^ d ^ (a/5), in order Ui increase the strength of the linkage porrion 9 and improve 
the cutting performance of the cutting edge. 

20 Now further another embodiment ufllie present, invention will he described below 

with reference to Fig. 8 through Fig. 11. As shown hi Fig. 8, die throw-away lip 1" is h 
substantially flat plate of polygonal shape having principal surfaces 2a, 2b that form rake 
feces and seating surfaces, and side surfaces that provide relief faces 3*\ The thmw-uway 
tip has a cutting edge 4" (cutting edge 4a that engages in cutting operation and cutting edge 

25 4b located on the seating surface as shown in Fig. 1(b)) in the intersects of the principal 
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surfaces 2a, 2b and the relief faces 3". A land surface 5" is provided at least along the 
periphery of* the principal suriacas 2a, 2b that form the cutting edge 1", and a central 
surface 7" is provided on the inside of the land surface 5" so as to interpose a chip breaker 
groove 6" between itself and the land surface 5". Each of the principal surfaces 2a, 2b 
5 can be used as the rake face and the seating surface by turning over the throw-away tip. 

In both principal surfaces 2a, 2b, the land surface 5" and the central surface T* are 
formed lo the same height so thai the land surface 5" and the central surface 7" both serve 
as the contact surfaces. With this configuration, the land surface 5, that is located along 
the periphery where the force of constraint is the weakest, vibration is most likely to occur 
10 due to the impact during (he cutting operation and breakage on the back is likely to occur 
among all portions of the seating surface 2b, serves as the contact surface together with the 
central surface 7. As a result, stability of searing of the throw-away tip 1" on the seat 
surface 21 of the tool holder 20 is greatly improved, as shown in Fig. 11. Therefore, the 
culling edge 4h located on the searing surface 2b will not be lifted during cutting operation, 
1ft and breakage on hack ami chattering vibration nan be suppressed. 

Tn ord«T to make The Innd surface 5" and ihc central surface V equal in height, the 
Uiruw-away Lip is sintered with the land surface .V and ihe nenrral surface T* being formed 
lu he higher than the desired height, and is machined on the land surface 5 and the central 
surface 7" in plane grinding process at the same tunc. Effect of the present invention is 
20 not lost even when there is a difference of up to 0.05 mm (AH g 0.05 ram) in height 
between the land surface 5 and die protrusion & due to variation in the machining process. 

The chip breaker groove 6" that continues to the cutting edge 4** and the land 
surface 5" as shown in Fig. 9 is dimensioned in a range from 0.1 mm tn 0.6 mm, 
particularly from 0.15 mm to 0.3 mm in groove depth h u from 0.7 mm to 2 nun, 
25 particularly from 1 mm to 1.8 mm in groove width w, from 0.3 ram to 1.5 mm, particularly 
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from 0.3 mm to 0.7 mm in width w, ixoxn the land surface side to the bottom of the chip 
bleaker, and from 0.5 mm to 1.7 mm, particularly from 0.75 mm to 13 mm in width vv 2 
from the bottom of the chip breaker to the central surface. This dimensioning make6 it 
possible to effectively improve the chip removing performance with very small chip 
5 breaker width w, suppress the cutting resistance from increasing and maintain the stability 
of seating. 

When h, is smaller than 0.1 mm, the effect of warping the chips is lost and the 
chips extend toward the central surface. When h, is larger than 0.6 mm, chips tend to jam 
and makes chattering vibration likely to occur, and the cutting edge tend to receive 

10 significant impact and break* 

When the value of w is smaller than 0.7 mm, it is difficult for the groove to 
perform the function of chip breaker, with chips passing over the chip breaker groove so as 
to extend townrd The central surface and be caught between the cutting edge and the 
workplace. When the value of w is larger than 2 mm, on the other hand, chip breaking 

lft becomes insufficient >md, especially when mining a lough material such as steel, the chips 
cannot be reliably broken. In addition, stability of eating on the seating surface 2b 
decreases and Ihe ;rre;i nf ihe central surface that serves as the contact surface decreases, 
thus making the sealing unstable. 

When die value uf Wj is srrmllcr than 0.2 mm, the cutting edge receives large 

20 impact and tends u> break. When the value uf w t is targer ihm 0.7 mm, the effect of 
warping the chips is losL When Uic value of w 2 is smaller than 0.75 mm, culling 
resistance becomes excessively high, thus resulting in such problems as the curring edge 2a 
tends to break or experience chattering vibration which causes breakage on the back of the 
cutting edge 4b. 

25 The chip breaker groove 6 as mentioned above is a shape suitable for processing 
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steel especially, and has an excellent chip removal property in cutting process of the 
workpiece that chips tends to extend and twine. 

The chip breaker groove 6 consists of three curves; a first curve 10" having radius 
of curvature r, in a range from 12 mm to 18 mm, particularly from 15 mm to 17 mm, a 
6 second curve 11" having radius or curvature r 9 in a range from 0,1 mm to 0.6 mm, 
particularly from 0. 1 mm to 0.3 mm and a third curve 12" having radius of curvature r 3 not 
smaller than 50 mm, that are connected smoothly in this order firom the land surince 5 side. 
The first curve 10" having radius of curvature r, has an effect of reducing the cutting 
resistance. The second curve 1 1 " having radius of curvature r 2 has an eflect of efficiently 

li) warping the chips without compromising the flow of chips, while decreasing the length of 
the chip breaker groove 6 so as to secure the seating. The third curve 12" having radius 
of curvature r 3 has an effect of smoothly discharging the chips and preventing the tool from 
hfting damaged by jamming chips. As a result, ihe chip breaker groove 6 increases the 
ratio of the area of the central surface 7 that provides seating, in addition to the effects of 

15 chip breaker in reduce ihe emling resistance so as to suppress the possibility of chipping 
and allow smooth removal of chips so as to prevent damage due to jamming chips. 

Tt is preferable that angle ct l between the chip breaker groove 6~ and the land 
surface 5" is In a range from T to 25°, particularly from 9° to 1 5°, and angle a 2 between 
Qie central surfucc mid ihe land surface 5*" Ik in a r.mge From 4° to 30°, parriculnrly from 4° 

20 tu 8 A , in order tu ensure smooth removal of chips. 

When the central suiface 7" and llic land surface 5" arc connected at a position 23 
which does not serve us llic cutting edge 4" in ihe periphery of the principal surfaces 2a» 2b, 
and the linkage portion 9 M dial serves as the contact surface is provided, the throw-away tip 
1 can be suppressed from deflecting during cutting operation, so thai an enhanced effect is 

25 provided for suppressing such a problem as the cutting edge 4b chatters or is lifted from 
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the seating surface 2b and hits the contact surface 21 of the holder 20. 

As shown in Fig. 8 and Fig. 1 0, the central surface 7" is divided into a plurality of 
blocks by separation grooves 18. This configuration causes portions located near the 
corner 13" of the central surface T 9 and portions located away from the corner 13* to 
5 shrink with different ratios during sintering process, thus enabling it to make prc- 
adjustment for the deformation during the sintering process. 

At least one protrusion 8" is provided to extend over the central surface 7" toward 
the land surface 5". Hvcn when the throw away tip l w is attached to a holder 20 having 
the contact surface 21 that is worn to form a recess 22 due to the use of a conventional 

10 throw-away tip that is contacted only on the central surface over a long period of time, the 
protrusion *T located near the land surface 5" serves as the contact surface so that 
excessive load is not applied to the land surface 5" that includes the cutting edge 4a. Also 
in case the throw-away tip 1", that has the cutting edge 4a worn out or chipped and the 
land surface 5" damaged after using one principal surface 2a as rake face, is turned over 

15 and mounted but the damaged land surface 5* does not function as the contact surface, the 
protrusion 8" located near the land surface 5" serves as the contact surface instead of the 
land surface 5*\ and therefore stable seating can be maintained. 

In the case of such a configuration as the central surface 7", the protrusion 8" and 
the land surface 5~ serve as the contact surfaces as in this embodiment, since the load is 

20 distributed nvtn- rhe entire contact surface 21 of xhe tool holder 20, no recess 22 wilj be 
formed un die curiuicL surface 7A of rhe tool holder 20 after extended period of use. 

The shape of the distal end portion of ihet promision 8 A that Is formed from the 
central surface 7* Uiward every comer 13* may have a sharp point with decreasing width 
formed by concave curves un bulh sides, a sharp point with decreasing width formed by 

25 straight lines on both sides, a sharp puint with decreasing width formed by convex curves 



1ft 



on both sides or a round protrusion. Among these, sharp point with decreasing width 
formed by concave curves on both sides is most preferable for the reason of achieving both 
the stability of seating and chip removing performance by adjusting the proper areas of the 
chip breaker groove 6 and the central surface 7. 
6 Since one of the protrusions 8" of the throw-away lip 1" extend* toward the 

corner 1 3", seating is more stabilized. When the chip breaker groove 6 Is provided on the 
extended line of ihe protrusions S that extends toward the corner 13", the direction of 
removing chips can be made constant so as to achieve higher effect of chip breaking 
function, with the cutting resistance reduced further. Moreover, it is preferable to provide 

10 at least one protrusion 8" that extends toward the side edge other than the comer 13", for 
further improving the stability of seating. Furthermore, since a chip breaker groove 6a is 
formed also along the side edge near the corner 13** that is interposed between the 
protrusions 8B, 8B> the side edge near the comer 13 can also be used as the cutting edge 
wiTh low riming resistance and good chip removing performance, 

15 The ratio (T,/I M ) of Ihe riixinnctt T.^ from The center of the principal surface 2" to 

the distal end «T the prrtlrusinn 8" ro the distance Lj from the center of the principal surface 
2" to die periphery or (lie principal surface 2" is preferably not less than 0.7, more 
preferably in a range frtun 0.8 in 0.°5, sn as to maintain rhe stability of seating and chip 
removing performance and reduce culling resistance. 

20 The ratio of Lhc lotal area nf the cenrral surface 7 and the land surface 5 in the 

principal surface T\ namely the ratio of conUicL surface, is preferably Tram 50 to 90%, 
more preferably from 80 to 90%, fur stabilizing lhc sealing, improve the chip removing 
performance, and reduce cutting resistance. 

It is also preferable to set the width of the land surface 5 at the cutting edge 4" in a 

25 range from 0.2 to 0.5 mm, for increasing the strength of the cutting edge, improving the 
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stability of seating the throw away tip 1 at the seating surface {contact surface) and 
increasing the resistance against breakage on the bade, as well as for preventing breakage 
and chipping by improving the chip removing performance and preventing the cutting 
resistance from increasing. 
5 The cutting edge 4" may be a sharp edge, but it is preferable to provide U surface 

(chamfer honing surface) or R surface (round honing surface) to the cutting edge 4", for 
the reason of increasing the strength of the cutting edge and prevent chipping or breakage 
from occurring on the cutting edge 4". 

Also in fig. 8, protrusions KB, that are located near the land surface 5" at a 

10 distance of 0.5 r*™ or less, are formed at symmetrical positions around the plurality of 
corners 13", 13", with height of the distal end of the protrusion gradually decreasing by 
an angle in a range from 1 0 to 60° toward the land surface 5. This configuration makes it 
possible for The operator to visually check the clearance between the land surface 5 and the 
distal end of the protrusion 8 lo decrease when grinding the principal surface, and therefore 

15 ii is marie, easier to carry out the grinding process, so ihai variation of flatness in the 
principal surface 2 can be prevented. 

As shown in Fig. 10, bom me sides 19 and 19 of the protrusion 8" have such a 
configuration as to slope downward and Then rise toward said land surface 5, This makes 
it possible to secure stable and high chip-processing performance, even when the chip 

20 discharge dirceiion is changeable with corning conditions. Plirther, even when using as a 
cutting edge Uic neighborhood pan which separated a few from the corner 13", it is 
possible to suppress chattering vibration by good chip processing performance and low 
cutting resistance, both sides of said protrusion 

The following examples illustrate the manner in which the present invention can 

25 be practiced it is understood, however, that the examples are for die purpose of 
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illustration and the invention is not to be regarded as limited to any of the sp citic 
materials or condition therein. 

Example I 

5 A mixed powder prepared by adding 11% by weight of Co to WC powder was 

pressed to form green compacts of types and specifications shown in Table 1 each having 
two noses on each side, fouT noses in all. After being sintered in vacuum, samples 1-1 
through 6 were ground on the central surface and on the land surface of each principal 
surface to make the height of the central surface and the height of the land surface equal. 

10 In samples 1-1 through 6 and 8 through 1 1, central surfaces were formed so as to protrude 
in symmetrical configurations at opposing corners, while forming a slope of 45 u at the 
distal end and setting the- clearance (w) between the distal end of the projection of the 
central surface and the land surface to 0.2 mm, so that variation in the parallelism during 
the Ending prncras nonld be monitored visually. 

15 Sample No. 1-7 was formed in lh« mnvtmiionnl shape wuhout chip breaker, 

samples No. T-8, 9 were formed in the conventional shape where the land surface is lower 
Llian the protrusion, samples Nn. T-1 0, 1 1 were formed in the conventional shape where the 
land surface is higher than the promision, and sample No. 1-12 was formed in the 
conventional shape where the land .surface has die same height as the central surface and 

20 the central surface dues nut have protrusion. 

All samples were processed On die periphery uf die land surface to provide honed 
edge, and were coaled with a hard film of HCN-Al 2 0,-TiN successively hy CVD process, 
thereby making the throw-away lips of No. M through 1 1 . 

With the throw-away tips manufactured as described above being placed on a flai 

25 plate* maximum value of clearance (h) between the periphery of the laud surface and the 
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„ 4 the centna^oceprotruoion (mean volue f 
. . „ dictal end ot the cero™ ^ 

flat plate, and the portion ot th cUG 

wW were measured. Iber ^ ^ conditions described below usmg the 

For every sample, the cutting test lhc results are shown in 

» with the no6es 4D„ wj. 
^th the throw-away tip turned over, with 

Table 2. 

<CuTcmgcondltions> 
10 cutting speed: 250 m/mm. 

Infccd: A mm 

Feed raie: 035 mm/rev. 

Workplace: FC250 wUh 1b..r grooves 

TV cutting _ nwni 

15 
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From Tabic 2, it can be seen that samples 1-1 through 6 where the land surface and 
at least the protrusion of the central surface were formed at the same height (h =± 0.05 
mm) showed lifting of not larger than 10 p m at the periphery of the throw-away tip on all 
cutting edges 4a„ 4aj, 4b„ 4b 2? long cutting time of 300 seconds or more, no breakage on 
5 back at portions other than the cutting edges, no chipping of the cutting edge engaged in 
machining, and excellent breakage resistance. Observation of the machined surface 
showed uniformly smooth surface. 

In the case of sample No. 1-7 without chip breaker, the machined workpiece 
showed rough surface. 

10 Samples No. T-S, 9 having the land surface lower than the protrusion showed 

lifting of SO At m or more and experienced breakage on the back with the cutting edge 
being chipped in an early stage, thus showing low breakage resistance. Smooth machined 
surface cnnld not he nhTaincri dun ro chartering vibration. 

Samples No. I- 10, 11 having the land surface higher than the protrusion showed 

15 lifting, although in a small exrenr, and experienced breakage of the land surface on the 
bank. As a result, rhanering vibraTion occurred with the cutting edge being chipped in an 
early stage, and Uic machined workpiece showed unsatisfactory surface. 

Sample No. T-I2, that had the land surface formed m the same height as the 
central surface without any pi-otrusiuu on the central surface, showed no lifting during the 

20 cutting test using the cutting edges 4n u 4a 2> wilh rhe curring Time as long as about 300 
seconds. However, in die cutting test using the cutting edges 4h„ Ah^ conducted after the 
culling test of die cutting edges 4a„ 4^. the lands of the cutting edges 4a„ 4a. were 
damaged in the preceding cutting test and did out serve as lite contact surface, thus 
resulting in lifting and a cutting time shorter than tfiat with the cutting edges 4a,, 4^ while 

25 producing somewhat rough machined surface. 
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Exampl II 

A mixed powder prepared by adding 11% by weight of Co to WC powder was 

pressed to form green compacts that would make sintering of the shapes and dimensions 

shown in Figs* 5, 7 and Table 3. Alter being sintered in vacuum, samples II-l through A 
5 were ground on the central surface and on the land surface of each principal surface so as 

to make the height of the central surface and the height of the land surface equal. 

Samples II- 1 through & were formed in diamond shape having nose angle t) of 55° with a 

linkage portion formed (Fig. 5). Sample No. TT-5 was formed in the conventional shape 

without chip breaker as shown in Fig. 7(a), sample No.li-6 was formed in such a shape that 
1U has lull-circumference chip breaker while the land surface has the same height as the 

central surface, without protrusion as shown in Fig. 7(b), and samples No. 11-7, 8 were 

formed in a shape without linkage portion as shown in Fig. 7(c). 

AH samples were processed on the periphery of the land surface to provide honed 

edge, and were coated with hard films of TiCNT-Al 2 0 3 -TfM successively by CVD process, 
1 5 rh«rnby making The throw-away tips of No. U-l through 8. 

With the throw-away lips manufactured as described above, cutting tests were 

cnnrinr.rfcri under The conditions described below while measuring the cutting time before 

breakage, of the rhrow-away tip and observing the machined surface of the workpiece. 

The results arc shown in Table 3. 
20 <C.uUin£ cnncli Linn.o 

Culling speed: 250 m/min. 

Infecd: 4 mm 

Feed rale: 0.35 uiin/rev. 

Workpiecc: FC250 with four grooves 
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Dry cutting 

Samples II- 1 * through T were prepared similarly to the samples No.U-1 through 6 
of Table 3 except for changing the throw.away tip type to C, and were subjected to cutting 
test similarly to that described above. The results are shown in Table 4. 
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From Tabic 3 and Table 4, it can be se n that samples II* 1 through 4 and samples 
IL-r through 4', where width d of the linkage portion was set in a range from 0.5 mm to 
a/3, width b of the land surface was set in a range from 0.2 mm to 0,5 mm while the land 
surface nnd The protrusion were formed m the same height, showed long cutting time of 
5 300 seconds or more, no breakage on back, no chipping of the cutting edge and excellent 
breakage resistance, Observation of The machined workpiece showed uniformly smooth 
surface. 

In the tests using samples Nos. 11-5, 5* not provided with chip breaker, the 
machined workpiece showed rough surface due to chattering vibration. Breakage on back 
1 n also occurred f n The comact surface of The throw-away tips. 

Samples Nos. II-6 through 8, 6* and V experienced chipping on the cutting edge 
in an curly singe and showed rough machined surface due to chipping and chattering 
vibration. Samples Nos. II-6, 6\ 8 and T also experienced breakage on hack occurring in 
the contact surface of the thruw-away lips. 

15 

Example TTT 

(Example ITT- 1) 

A mixed powder prepared by adding 11% by weight of Co to WC powder was 
pressed to form green compacts of types and dimensions shown in Tabic 5 having such a 
20 pattern as shown in Fig. 8. After being sintered in vacuum, the central surface and the 
land surface were ground (double-head grinding) on each principal surface to make the 
height as shown in Table 1 (samples Nos, III-l through 10). 

When grinding the throw-away tips, the protrusions 8 A located at the comers 13" 
were formed at a distance (w) of 0.2 nun from the protrusion 8A to the land surface in such 
25 a shape as to form a downward slope of 4S° from the protrusion 8A to the land surface. 
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while acting the clearance (w) between the distal end of the projection and the land surfac 
being monitored visually when grinding the surface, thereby making it possible to achieve 
machining with high accuracy easily, 1 be samples were processed on the periphery of the 
land surface to provide honed edge using a brush, and were coated with hard "films of TiCN 
6 2 m ™ thick, Al a O, 2 M rn thick and liN 2 jxm thick successively by CVD process, with 
part of the hard film on the cutting edge slightly polished with a whetstone thereby making 
the throw-away tips. 
(Example IH-2) 

The throw-away tip of the configuration shown in Table t> (sample No. Ui-11 ) was 
10 made similarly to Example EH-i except for providing the pattern of the principal surface 
with lull-circumlcrcncc chip breaker shown in Fig. 12 lo the throw-away tip of the lirst 
embodiment. 
(Comparative Example) 

The throw-away tip of the configuration shown in Tabic 5 (sample No. m-12) was 
15 made similarly to the Example except for forming the principal surface in a single plane 
without chip breaker on the ihrow-away dp of the Example. 
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With the throw-away tips manufactured as described above being placed on a iiat 
plate, maximum value of clearance A H (mm) between the periphery of the land iiurlhce 
and the flat plate was measured, mean value of the distance between the distal end of the 
protrusion and The. land surface (L/L^ was determined using a microscope, and the shape 
S of the chip breaker groove was measured, with the result shown in Table 5. 

Cutting tests were conducted under the conditions described below using the 
throw-away tips described above, while measuring the lift during cutting operation and 
cutting time before breakage of the throw-away tip, and observing the number of breakages 
on back, condition of chips being removed and die machined surface of the workpiecc. 

10 For every sample, the cutting test was conducted with the three cutting edges 4a on the 
principal surface 2b shown in Fig. 8 and, with the throw-away tip turned over, with the 
three cutting edges 4b on the opposite surface. The results were averaged and are shown 
in T&ble 6. Chip removing performance was evaluated hy changing the in feed and the 
feed raLe wilhin the ranges described below while observing rhe chip removing 

15 performance over the entire ranges. 
<CuttIng euiidiLiuns^ 
Cutting speed: 150 m/inin. 
lufeed: 0.7 to 3 nun 
Feed rate: 0.2 to 0.5 mm/rcv. 

20 Workpiccc: SCM435 
Wet cutting 



32 



Table 6 



Sample 


numuor wi uawv 


^U}n 13 Tnn>nniT 

wmp i^omoviriK 


wuvwriK * imo 


t iff 


iTi a m hi icu 


No. 




Performance 


(*ec) 


(jtf m) 


Surface 
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6 


060 


0 


Good 
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340 
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finnri 


m-3 
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* in -5 
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150 
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Bough 
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3 


X 


240 
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Rough 


* m-7 
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210 
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200 
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Rough 
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2bU 
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250 
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Good 
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330 


_JL_ 


Good 


*U-12 


0 




260 
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Rough 



Sample numbers marked with * are not within the scope of thft present Invention 



From Tabic 6. it can be seen that samples IIM through 4 and 1 1 where the land 
surface and at least the protrusion of the central surface were formed at the same height (h 
G S 0.05 mm) with chip breaker of the predetermined configuration showed lifting not 
larger than 10 ft m at the periphery of the throw-away tip while cutting with any of the 
cutting edges, and long cutting time of 300 seconds or more. The samples IU-1 through 4 
and 1 1 showed three or less breakages on back in portions other than the cutting edges, no 
chipping of the cutting edge engaged in machining, and good cutting performance in terms 

10 of both the smoothness of the machined surface and chip removing performance. The 
samples 111-1 through 4 having the protrusion in the central surface as shown in Fig. X, in 
particular, showed no breakage on back at ail, without such troubles as unstable seating 
when the throw-away tip is turned over, and stable cutting performance. 

The sample ITT-5 where the land surface was lower than the protrusion, in contrast, 

15 showed lifting of SO rn or more which resulted in lots of breakages on the back. It also 
experienced chipping ofthe cutting edgeinTaiTcarly stage, fou^howing poor breakage 
resisrnnce. tn addition, smooth machined surface could not be obtained due to chattering 
vibration. 
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In th sample 111-12 where chip breaker groove was not formed, in addition to 
poor chip removing performance because of the absence of chip breaker groove, high 
cutting resistance caused poor cutting, thus resulting in rough machined surface. 

The samples 111*6 through ID having the chip breaker grooves of other than the 
predetermined shape showed, though the lifting was small, poor chip removing 
performance that caused excessively long chips, jamming of chips and/or the chips being 
caught between the throw-away tip and the workpiece that forced interruption of the 
cutting operation. As a result, the cutting edges were broken during cutting and the 
workpiece showed poor machined surface. 

In the Examples described above, throw-away tips of type T were used. In the 
meantime, samples of type C (CMMG 12040*) and type D {DNMUISMOX) having the 
dimensions of ihe sample TTI-1 were made and subjected to similar cutting test and 
observation*. These samples showed good chip removing performance, no lifting, no 
breakage on back, good machined surface and long cutting time of 400 seconds and 300 
seconds, rasper.rively. 



